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l. Executive Summary

The fuel blends were shipped to two laboratories. ORTECH Corporation (ORTECH),
with support from Cummins Engine Company (Cummins), conducted test cell
preparation, engine conditioning, and engine calibration and troubleshooting. Dixie
Services, Inc. (Dixie) commenced fuel speciation tests. ADEPT submitted several
funding proposals, prepared contracts and provided support to project subcontractors.

1. Test Program Work Performed

A. Fuel Delivery to Current Subcontractors

Dixie received the fuel blends from Aeriform on April 15, 1998. ORTECH received the
fuel blends on April 29, 1998. Delivery of the fuel to ARB’s Haagen Smit Laboratory in
El Monte, California (ARB-EI Monte) is expected in mid-May.

B. Fuel Properties and Octane Testing

During the March 26™ Task Group conference call, its members recommended further
evaluation of which test methods Dixie is to use: (@) those recommended by Dixie in
their quote; or (b) those specified in the California Code of Regulations and cited in the
ARB January 1997 report. The noted differences between the two protocols were; (1)
water content, and (2) sulfur. Dixie also recommended that a fluoride content test be
conducted to further validate the octane number results. ARB staff solicited feedback
from each Technical Committee member. It was decided to proceed with the following
protocol:
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Specification Value Test Method
Propane — Gas Chromatography vol.% ASTM D 2163
Vapor pressure at 100 °F Psig (max) ASTM D 2598
Volatility residue °F at 95% evaporation ASTM D 1837
Residua matter 0.05 ml ASTM D 2158
Corrosion, copper strip No.1 ASTM D 1838
Sulfur ppm ASTM D 32461
Moisture Content pass ASTM D 2713
Fluoride ppm UOP 6192

As of the end of April, Dixie received the fuel blends and began testing.
C. Medium-Duty Engine (Cummins B5.9LPG) Emissions Tests at ORTECH.
ORTECH began the test cell set up and preparation. In the conduct of engine

commissioning ORTECH defined the engine's performance parameters for testing. In
consultation with Cummins the below parameters were established:

Intake restriction 4.4kPa (17.5" H0)
Exhaust back pressure 13.5kPa(4.0” Hg)
Intake manifold temperature 52°C (125°F)
Air pressure drop from the compressor outlet to the mixer inlet 13.5kPa (4"Hg)

The tested engine performance plot is as follows3:

Speed Torque (Ib-ft) | Power (bhp) Variation from

(rpm) Specification
Rated Power 2,600 411 203 +4.1%
Peak torque 1,600 444 135 +5.5%

A transient cycle regression analysis was conducted to determine how well this engine
follows the transient emissions test cycle. It verified that the engine is able to pass cycle
regression criteriawith 20 |b-ft and 10 Ib-ft of curb idle transmission torque.

1 ASTM D 3246 was selected in place of ASTM D2784 due to two reasons given by Dixie: (1) itis
dlightly more accurate and (2) it is repeatable.

2 Universal Oil Products (UOP) Test #619 was added to the protocol. It isthe only company that has a
specified flouride test.

3 See ORTECH engine daily performance check and ECU voltage analysis in appendices for further detail
regarding day-to-day variability in engine performance and emissions (April 15 & 17).
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Unforeseen issues arose. These were:

It initially appeared that the engine was calibrated at slightly higher horsepower and
torque. After suitable calculations this calibration was found to be within 5% of rated
specifications. The engine was determined to be suitable for further tests.

Engine power, torque and emissions were sensitive to: (8) ECU# supply voltage, and
(b) throttle sengitivities.

Preliminary engine emission tests were conducted on bulk HD-5 LPG (propane 96%,
ethane 4%, air DL, butane DL). At an ECU supply voltage of 12.3 volts emissions
results were as follows:

Value = g/bhp/hr
Cycle Run # NOXx THC CO
Cold cycle 900 2.549 1.633 0.600
Hot cycle #1 901 2.382 0.969 0.199
Hot cycle #2 902 2.405 1.079 0.168

ORTECH continued calibration and tuning of the dynamometer as well as it began
quality control setup and preliminary sample range setup on the gas chromatography
(GC) analyzer for fuel specificiation analysis verification. Some unexpected problems
occurred with the GC analyzer.

ORTECH received the fuel blends on April 29. On April 30" ORTECH verified the
labels on the LPG blends cylinders. A fuel blend label indicated that one blend was
outside the ADEPT requested specs.

No further engine tests were conducted in April.

D. Light-Duty Truck (F150 Bi-Fuel) Emissions Tests at ARB Haagen Smit
Laboratory

The Ford vehicle was undergoing testing in another program. It has not been delivered to
ARB ElI-Monte. Ford indicated that if the F150 is not available in time their next option
was the F250 bi-fuel truck. ARB-ElI Monte staff expressed concern in that the F250 is
not classified as a light-duty truck. ADEPT and WPGA made back-up arrangements to
secure another F150 truck. Ford is to notify ARB/ADEPT in early May asto the F 150's
availability and delivery date.

E. Performance and Combustion and Durability Tests
The following laboratories are to receive a request for proposal: Cummins, Southwest

4 ECU - dectronic control unit
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Research Institute (SwRI), University of California at Riverside Research Center (CE-
CERT), and ORTECH. Initia proposal-solicitation discussions and/or drafts were
conducted with al laboratories.

1. Project Management Support and Administrative Work Performed

A. Project Fundraising
ADEPT submitted funding proposals to the Engine Manufacturers Association (EMA),
Exxon and Tosco. The proposal to EMA was to further support existing Cummins
contributions to the project.

B. Project Expenditures
The table below shows April expenditures, as approved during the March 26, 1998 Task
Group meeting, and total expenditures to date.

Item Funds Expended Total Funds
In April Expended
Fuel (Aeriform) $0 $3,000
Emissions Tests (ORTECH) $27,000.00 $42,000
Fuel Properties (Dixie) $0 $0
ADEPT P.M. $0 $0
Attorney Fees $2,187.50 $2,187.50
Subcontractor $312.50 $630.75
Total 29,500.00 $47,818.25

Project Account Balance: $7,978.97
Outstanding invoice(s):  $90,000 Canadian from PGAC/NRCan

Total funds received to date, by funder source are:

Funder Amount
NPGA $9,000
Shell $36,000
WPGA $10,000
Total $55,720
C. Project Contracts and Other Documents

ADEPT finalized fuel purchase orders with Aeriform. ADEPT prepared and submitted
support documents for the SCAQMD contract and submitted a draft letter of agreement
for ARB’s review. ADEPT solicited outstanding signatures for the MOU. As of April
30" outstanding MOU signators are: AFRED, ARB, Cummins, and NPGA.
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Travel associated with effort described.:.
No travel was conducted.

I. Work planned for the next reporting period (May 1 - 31, 1998)

Project Management-ADEPT

1. ADEPT will continue general project management.

2. ADEPT will prepare and complete funding contracts and letters of agreement
for co-sponsors.

3. ADEPT will continue fundraising.

4. ADEPT solicitation of proposals for performance/combustion tests.

5. ADEPT solicitation of proposals for durability tests.

Test Program

1. ORTECH: Begin emissions testing.

2. Dixie: Conduct and complete fuel speciation and octane tests.
3. Aeriform: Deliver fuel to ARB/EI Monte Laboratory.

4. Receive pre-proposals for performance, combustion tests.

5. Receive pre-proposals for durability tests.

I11.  Attachments:
1. Project Timeline (GANTT Chart).
2. ORTECH WeeKly/Interim reports. April 6, April 13, April 15, April 17, April
20, and April 27 (with mailed version).

IV.  Disclaimer

This report was prepared by The ADEPT Group, Inc. (ADEPT) as a result of
work co-sponsored by the South Coast Air Quality Management District
(SCAQMD) and Task Group Members. The opinions, findings, conclusions, and
recommendations are those of the author and do not necessarily represent the
views of SCAQMD. SCAQMD, their officers, employees, contractors, and
subcontractors make no warranty, expressed or implied, and assume no legal
liability for the information in this report. SCAQMD has not approved or
disapproved this report, nor have they passed upon the accuracy or adequacy of
the information contained herein.

V. Glossary of Acronyms

ARB Cdlifornia Air Resources Board

ASTM American Society for Testing and Materials
bhp brake horse power

C celsius

ECU electronic control unit

Services at the interface of energy, economics and environment
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EMA Engine Manufacturers Association
F fahrenheit
g/bhp/hr grams/brake horse power/hour
Hg mercury
kPa kilopasquals
Ib.-ft. pound feet
LPG liguefied petroleum gases
psig pounds per square inch of gas
ppm parts per million
rpm revolutions per minute

6
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ARB LPG Fuel Blends Evaluation Project Milestone Chart

Testing preparation and set up

Actual

Fuel speciation and octane testing

Actual

Emissions testing (Ortech and ARB)

Actual

Performance/combustion testing

Estimated as of 4-30-98

Durability Testing

Estimated as of 4-30-98
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86/1/C

includes 2 1L~ )
fuel tests [T
\\\\\ R N L, B =
- PG — . - Wf - * I A B | - -
w w H (5, [o2] ~ © ©
—— S— — e e — — S—
= N ) N ) = = =
S 2] o i = © o w
— - S — S— S S—
o o o O < O © Prey
© ) o] o o0 o <]
Aprit 30, 1998

—

86/L1/01—

86/8/L1—
86/9/¢ L~"f

66/C/L—
66/1€/L—

Each tick mark
represents 7 days

File hd5131c



‘[ony
U1 J01d12021 Y} LAY Yna unLjuod [im HOFLYO ‘¢ [udy uo

HOHLYO 01 1oy DT paddiys WHOATHAY ‘LdaaV Aq pauwojur sy -

“soueuntojrad auidus Jo asuedanoe
10J PANNSU0d aq 1M sutwwny -aoueuniojrad aufus ayy uLuod
O1unIaq [iim oA anbio) ruomppy uoissaidar 91949 Wdisuen

10J pasuauiurod sem Jutuny 13jjonuod aptonp pue JwoweuL( -

anbioy yead
pael

%S S+ Sel 1444 0091
%1 v+ £0c Iy 009¢
uoneoylsedsoyror {dyqymmod (qrijyanbioy (uidi) paadg

S3UBYD) oANE[Y

‘Payoene 101d Yim pazurwiuns sem soueuntoprad surdua oy,

(3H..p) ®dY S°¢1 191Ul Jox1W 0) 19INo 10ssardwod woyy dosp ainssaid are

(4,5T1) Do S 2ameadwan pjojiueuw eyt

(BH..0'b) ed) S g1 21nssaxd yoeq i1sneyxa

(O'H.S'L1) vdX bt uononsar ayejuy

:sem dmos soroweled oy, ‘UonewIuod

dourunioy1ad 10§ GQH UO pajeIsuad sem aA1nd anhioy amguo y

SAH uo Futuorssiuwod suidug

uonieaqiies 11wt anhioy pue Josuos poads IoRwowreui(]

dredas Suireaq outf aaLIp pue 1030w anbio) aulf-uj

:paraduwiod a1om swayt Furmorjog ayy

SO/V0/86 OV 0€/£0/86 :pouIdd
(P.1u02) pajONpuo)) SYsE] /SANIATOY

S0/v0/86 01 0£/E0/86 :poLIdg
P31INPUOD) SYSEL/SANANIY

000's1$sn
pautuLaap aq o,
00r'r$sn

001'vz$sn
pauIuLIdap aq o,

1918P 0) PIARIIIY

ISIIBIdP N0AU]

13)18p 0) padsioAu]

IPIARIII JudwAR g [enIu]

:uopaidwoy) e js0) pajewnsy

(S0"1dy-g “1By)) yIIA IS8T 10§ 3mipuadxy pajewnsy
‘50/v0/86 01 1m1puddxy 123foag pajeun)syy

| uonddwo) 3unsay, pajewnysy

9v¥1-£28(S06)
(81¥X) 1114728 (506)
se(J opuIqoIny "Iy

L4-8€18d-10-10-S0-1-L6 :"ON tesodoig
STI-10-10-S0-1 :'ON 199fo1g

0SE IVI$SN OnpRA ‘8661°C Yorey :ae(]
8696-8L (01¢)

8¥b8-8LY (01€)

AT 6°sd swwmam) / 1 44qV

“ou] dnoiny 14V

nereds xa1y I

SR
:auoydajay,
:Aq papyuqng

98 HOULAO
0'd 1Ld4ayV
:xu

‘PL

1d3foayg
Wl

:0],

wBjedS Xo[y I cupy

[ 95eq

LAOdHY SSHADOUI

Od'T 6°Sd sutwunyy / LJ4av
SOV0/86 OV (OE/€0/86 ‘ol ‘c# ‘uoday

86/9/v e

HOHLAO




sisATeue uonerdads
10§ 0 uo dmas agues ofdures Areutunpaid pue dnyos jonuod Kijen) e
SUOISSIWI $NOISES JOJ UoNeIqled 13ZAjRUR UOISTIWH o

‘8661 ‘01 11dy uo Keprjoy Arenels 10J pasofo 3q [[IM HOHLIO INd 10J Sutuonipuod [auuni UOISSIWY e

UOlBULITJUOD dnyes wAsAs wowamseaw Junup yreds o
UOISSILIA JOJ £)J7] UOLEOYILIAD UO 1S3) UOISSIWR JuIFUd Areunuiiold o 1015591803 9[040 JUDISUET 10J II[[ONUOD INOIY) pue IoRWoWrUA(] e
:pa19[dwod 2q [{im swdll uIMO[0) YL
T1/Y0/86 01 90/P0/86 -POIRd Z1/v0/86 01 90/40/86 PO
(p.1uod) paue|d SYSeL/SANIALOY pauelq SYSEL/SINIALOY
negjedg X3l I uny [AEREN] 9471 6'sd sutwmwny / 1434V

SO/P0O/86 OV OE/E0/86 :POLId] ‘¢4 Hoday
86/9/v P21

L3049 SSHADO™Ud
HOHULAO




Engine Performance Curve (mtor837)

Figure 1:
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ADEPT/ Cu

mins B5.9 LPG Engine Fuel Study ORTECH
Engine daily performance check:

r i Observed Obscerved | Corrected | Corrected |
2 Date i Run # Speed Torgue Power | Torque ‘ Power 3
i rpm ft-1b hp I filb | hp |
98/0</07 | 839 2600 425.5 210.7 416.7 2063 |

\ 1600 448 9 136.5 4398 1338

98/04/08 | 868 280 421.1 207.9 g 4121 2033

i 1600 448 8 1354 1 4392 133.3
98/04/09 ‘ 871 2600 2211 | 2079} 4183 | 2063 ]

1800 448.8 i 136.4 i 4439 | 1353
SS/04S 13 S32 2600 ' 4136 2042 ‘ 2062 \ 2005 |

\ 1600 4402 133.3 432.4 1314

98:/04/14 | 835G 25C0 4133 204.4 4131 2043

| 1600 4429 134.8 4427 134 7

98/04/15 \ 904 2600 404.0 199.8 4022 169.0

16C0O 436.2 132.9 4343 132.3

Cummins specified engine performance:
Condition Speed (rpm) Torque (ft-1b) Power (hp)
Rated 2600 394 5% 195 +5%
(ie. 374.3t0 413.7) (ie. 185.3 t0 204.8)
Peak torque 1600 420 5% 128 £5%
(ie. 399 to 441) (ie. 121.6 to 134.4)




ORTECH

ADEPT/Cummins B5.9 LPG Engine Fuel Study

Table 1: Effect of ECU Supply Voltage Change on Engine Power

| run# 913; date: 98/04/16 fuel: HDS
ECU supply voltace observed power observed torque rated speed
(volt) (bhp) (ft-1b) (rpm)
12 187.5 379.1 2600
12.3 190.1 383.9 2600
12.6 190.9 383.7 2600
12.9 193.8 391.5 2600
13.2 194.6 3933 2600
13.5 197.0 367.9 2600
13.8 198.1 400.3 2600
14.1 201.1 ) 406.3 2600
Table 2: Effect of ECU Supply Voltage Change on Engine Transient Emissions
(Aprl 16, 1998; certification LPG fuel)
run # | description | ECU voltage | cvcl power THC CO NOx Cco2
(volt) (hp-hn) (g/hp-hr) | (e/hp-hn) | (e/hp-ho) (a/hp-hr)
909 hot cycle 13.6 12.19 0.711 0.209 3.29 666
916 | hot cycle 12.6 12.05 0.953 0.181 2.57 677 |
922 hot cycle 12.4 11.64 0.868 0.187 2.45 684
Y.Tao 4/17/98

i
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